Introduction
Coplanar waveguide (CPW) is a transmission line which consists of a center strip and a semi-infinite ground plane on either side of it l as shown in Fig. 1 . This type of waveguide offers several advantages over conventional microstrip line, namely, it facilitates easy shunt as well as series mounting of active and passive devices; it eliminates the need for wraparound and via holes, and it has a low radiation loss. Another important advantage of CPW which has recently emerged is that CPW circuits render themselves to fast and inexpensive on-wafer characterization at frequencies as high as 50 GHz. 2 Lastly, since the RF magnetic fields in the CPW are elliptically polarized,3 nonreciprocal components such as ferrite circulators and isolators4 can be efficiently integrated with the feed network. These as well as other advantages make CPW useful for a MMIC based microwave distribution network. Grounded CPW (GCPW) is a variant of CPW which incorporates an additional ground plane on the back side of the substrates as shown in Fig. 1 . This additional ground plane can serve as a heat sink and provide mechanical strength. In addition, the ground plane serves as a shield between stacked antenna boards to improve isolation.
Several CPW fed antennas have been reported in the literature. A GCPW fed coplanar stripline antenna constructed by widening the center strip of the GCPW to form a rectangular patch ( Fig. 2(a) ) has been reported. 6 This antenna produces a linearly polarized far field radiation pattern in a direction normal to the plane of the substrate.
CPW fed slot antennas which are the complement to printed dipole antennas (Fig. 2(b) ) have also been reported. This antenna also radiates in a direction normal to the plane of the substrate. This paper presents the design and performance of the following CPW microwave distribution networks for linear as well as circularly polarized microstrip patches and printed dipole arrays: (1) CPW/Microstrip Line feed, (2) CPW/ Balanced Stripline feed, (3) CPW/Slotline feed, (4) GCPW/ Balanced coplanar stripline feed, and (5) CPW/Slot coupled feed. Typical measured radiation patterns are presented, and their relative advantages and disadvantages are compared.
CPW Microwave Distribution Network Design
Coplanar Waveguide/Microstrip Line Feed A CPW to microstrip line feed with post coupler$ is shown in Fig. 3 . The CPW and the microstrip line share a common ground plane that has an aperture. The coupler is formed by a metal post which passes through the aperture connecting the strip conductors of the CPW and the microstrip line. A pair of wire bonds located adjacent to the post tie the CPW ground planes and the microstrip ground planes to a common potential. The diameters of the aperture and the metal post were experimentally optimized to obtain the best insertion loss characteristics. The advantage of this type of feed is that the thickness and relative permittivity of the dielectric substrates for the feed network and the antenna can be independently chosen. This allows the individual components to be optimized for the best performance.
Coplanar Waveguide/Balanced Stripline Feed A CPW to balanced stripline feed also makes use of a post coupler9 as illustrated in Fig. 4 . The mechanical features of the coupler is similar to that described above. This coupler in addition uses a tapered stub to improve the bandwidth of the device. The advantage of this feed is similar to that of the previous example. -Coplanar Waveguide/Slotine Feed trates the integration of a rectangular patch antenna with the feed. A CPW to slotline feed lo which uses a nonplanar CPW T-junction is illustrated in Fig. 5 . The circuit is formed when a CPW on a separate substrate is placed perpendicular on the CPW of the CPW/Slotline feed network. The advantage of this type of feed is that it eliminates the need for direct connection between the feed line and the feed network of the array module.
Grounded Coplanar Wave uide Balanced Coplanar Stripline Feed Figure 6 shows a GCPW to balanced coplanar stripline feed.'' Since the GCPW is an unbalanced structure, the transition to a balanced coplanar stripline requires a balun.12 At the unbalanced end, currents of equal magnitudes but opposite direction flow in the center strip conductor 2 and in the ground planes I and 3 of the GCPW. At the balanced end, currents of equal magnitude but opposite in direction flow in the strip conductors 2 and 3 of the coplanar stripline. The short circuit placed between conductors 1 and 2 at the balanced end results in an open circuit between the conductors a quarter wavelength away at the unbalanced end forcing all currents to flow between conductors 2 and 3.
In addition, the balun also provides impedance transformation. This transformation ratio is determined by the characteristic impedance of the coplanar stripline formed by conductors 2 and 3. This is because all of the microwave energy propagates through this section of the transmission line. The advantage of this type of feed is that it allows construction of end fire arrays which are necessary for building large two-dimensional phased arrays. The disadvantage is that it requires a bond wire to tie conductors 1 and 3 at equal potential which might impact reliability.
Coplanar Waveguide/Slot Coupled Feed
This circuit is formed by etching a narrow resonant slot in the bottom ground plane of a GCPW. The slot is oriented symmetrically and transverse to the center strip conductor of the GCPW. The advantage of this type of feed is that the microstrip patch antennas can be electromagnetically coupled to the feed through the aperture thus making integration easy.
Coplanar Waveguide Feed System Performance and Antenna Integration
The measured return loss (S 11 ) and insertion loss (S21) of the CPW/Microstrip line post coupler is shown in Fig. 7 . The return loss and insertion loss are better than 10 and 1 dB, respectively, over a wide band of frequencies extending from 0.045 to 6.5 GHz. Figure 8 schematically illusThe measured return loss (S 11 ) and insertion loss (S21) of the CPW/Balanced stripline post coupler is shown in Fig. 9 . The return loss and insertion loss are better than 17 and 0.25 dB at the design frequency of 2.2875 GHz. Figures 10(a) and (b) present the proof-of-concept model of a seven patch hexagonal circularly polarized (CP) subarray with the above feed system.
The above are typical characteristics of the feeds discussed in the previous section and the characteristics of the other feeds will be presented at the conference.
Far Field Radiation Patterns of the Antennas
The measured far field radiation pattern of the microstrip patch antennas shown in Fig. 8 are presented in Fig. 11 . The radiation is linearly polarized and is parallel to the plane of the antenna.
The measured far field radiation patterns of the CP subarray shown in Fig. 10 is presented in Fig. 12 . These patterns were measured at 2.325 GHZ. The on-axis axial ratio for the LHCP is 1.5 and 3 dB beam widths are 36° in both planes of the subarray. The gain of the subarray as determined from the beam widths is 13 dB. The measured return loss at the coaxial input port of the subarray is better than 10 dB at 2.325 GHz.
The above are typical measured radiation patterns of the antennas investigated and more results will be presented at the conference.
Conclusions and Discussions
The paper presents the design and performance of several CPW microwave distribution networks which have potential applications in phased arrays. Typical measured far field radiation patterns of several antennas with the above feeds have been presented and discussed. 
